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TI - Photostabiliser for wood pulp and cellulose - contains sulphate pulp 
mfr. waste prods, for improved whiteness and photostability while 
maintaining high mechanical strength 

IW - PHOTOSTABLE WOOD PULP CELLULOSE CONTAIN SULPHATE PULP 
MANUFACTURE 

WASTE PRODUCT IMPROVE WHITE PHOTOSTABLE MAINTAIN HIGH 
MECHANICAL 
STRENGTH 
PA -(LENL) LENINGRAD FOJUESTRY ACAD 

- (SICE-R) SIBE CELLULOSE CARDBOARD 
PN - SU1079717 A 19840315 DW198444 005pp 
IC - C08K5/05 ; D21C9/10 

AB - SU1079717 Betulin is a nontoxic and nondeficient cpd. obtd. from 
sulphate-pidp mfr. water. The Betulin expenditure is 0.2-2% (pref 
0.5-1 %) on wt. of dry fibre. 

- Typically unstabilised pulp and pulp contg. Betulin respectively gave 
whiteness (%):57 and 65 before irradiation; 53.6 and 63 after 30 mins 
irradiation; 51.3 and 62.3 after 120 mins irradiation. The proposed 
stabiliser increased photoresistance of lignin-contg. pulp by 7 1 .5% 
under conditions of artificial accelerated ageing over 2 hrs. 

- USE/AD VANTAGE - Increased whitenes, improved photo-protective 
properties and increased assortment of photostabilisers for use in 
pulp and paper industries. Bul.10/15.3.84 

- (Dwg.0/0) 
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(54) LIGHT FASNESS STABILIZER FOR WOOD PULP AND CELLULOSE 

(57) Use of betulin as a light fastness stabilizer for wood 
pulp and cellulose. 

The present invention relates to light fastness stabi- 
lizers for lignified fibrous materials and can be used in 
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the pulp-and-paper production when producing light-fast wood 
pulp and cellulose. 

It is known to use various pigments as a wood pulp sta- 
bilizer, e.g. CaCOa, MgS04/ SnO, Ti02, etc. [1]. 

However, when introducing such agents into the bulk of 
the mass or on the surface, the mechanical properties of fi- 
brous materials become impaired. Besides, the consumption of 
pigments is as high as to 3 0% of the weight of the fibrous 
material . 

It is an object of the invention to enhance the white- 
ness, improve the light-protecting properties of wood pulp 
and cellulose, and broaden the range of light fastness sta- 
bilizers, while preserving high mechanical strength charac- 
teristics of wood pulp. 

This object is accomplished by using betulin as the 
light fastness stabilizer for wood pulp. 

Betulin is as triterpene alcohol, a white-colored odor- 
less crystalline substance - with tmeit = -254—256^0 and molecu- 
lar weight 442, Its molecular . formula, is G30H50O2 .v The struc- 
tural formula is 




Betulin is non-toxic and not critical, because it is 
produced from a sulfate cellulose production waste - sulfate 
liquor or sulfate soap from cooking birch wood or a mixture 
thereof with other varieties. At present betulin is used for 
synthesizing diverse compounds in studying pharmacological 
activity [2] . 

A new use of betulin as the light fastness stabilizer 
for wood pulp and cellulose is caused by its high reflect- 



3 



ing capacity to reflect light with a wavelength .of 330—340 
run, which leads to an appreciable screening of the photo- 
chemical active structures of lignin, which absorb light 
with a wavelength of 30—340 nm. The consumption of betulin 
is 0 . 2—2 • 0% , predominantly 0 . 5—1 . 0% of the weight of abso- 
lutely dry fiber. 

Example 1. 10 mg of betulin are dissolved in 1 
ml of 95% ethanol at 30-402C, the solution is diluted with 
water (9 ml) . The resulting suspension (10 ml) is applied to 
the surface of a preliminarily prepared moist blank produced 
from 1 g of ground wood pulp homogenized in 100 g of water 
for 5 minutes. The blank is squeezed between two paper fil- 
ters under pressure of 20 kg/cm^, dried in the air at 20 
for 24 hrs and tested for light fastness by placing the sam- 
ple into a temperature-controlled chamber (t = 25-C) . The 
sample is irradiated with a DRSh mercury lamp through an NS- 
1 light filter (more than 33 0 nm wavelength) for two hours 
with the luminous flux power of .50 mW/cm^.. Absorption spectra 
are recorded on an SF-18 photometer.- SL^index of yellowing 
(a non-dimensional quantity) is used as the light fastness 
criterion. The RS of control sample is assumed to be 100%. 
Control blanks without the addition of betulin are prepared 
in a. similar manner. 

The results are calculated as a mean from three paral- 
lel samples . 

The obtained results are presented in Table 1. 
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Table 1 



Irradiation 


Whiteness, % 


SL 






Ysllowincr as 


time , min 










against con- 
trol , % 


1 


2 


3 


4 


0 


57.0/65.0' 










10 


54 . 6/63 .4 


2 


.7/1 


.2 


44.4 


30 


53 . 6/63 . 0 


3 


. 9/1 


.4 


35.9 


60 


52.8/62.8 


4 


.8/1 


. 8 


33 .3 


120 


51.3/62 .3 


7 


.0/2 


. 0 


28 . 5 



In the numerator — control sample of wood pulp. 
In the denominator — sample of wood pulp with be- 
tulin . 

From the data of Table 1 it follows that adding betulin 
in an amount of 1% by weight to ground wood flour enhances 
the whiteness of the sample- by 7—8% compared with the con- 
trol sample, and also enhances the light fastness of ligni- 
fied fibrous material ^ by 71 .5% under the conditions of arti- 
ficial intense aging for 2 hrs . 

Example 2, A suspension of a crystalline frac- 
tion of betulin in an amount of 10 mg, prepared as described 
above, is applied onto moist blanks of ground wood flour 
prepared as described in Example 1 . 

Testing and analysis of samples with betulin and of 
control samples are carried out as in Example 1 with the lu- 
minous flux power of 3 0 mW/cm^, 

The results of the experiments are presented in Table 

2 . 



Table 2 



Irradiation 


Whiteness, 


% 


SL 




Degree of 


^ T Tn^^ Tin 1 m 

u-Line, mm 










CLanveriiriy as 
ayaj.nsu con 
crox . ^ 


-L 


2 


3 


*± 


0 


56.5/59. 


0* 








10 


54.1/57. 


0 


2 


.8/2.0 


71 .4 


30 


53 .5/56 . 


4 


3 


.5/2 . 6 


74 . 3 


60 


52 .8/56 . 


0 


4 


.4/3 . 1 


70 . 4 


120 


52.3/55. 


6 


5 


.0/3.5 


70.0 



In the niimerator — control sample of wood pulp, 
In the denominator — sample of wood pulp with be- 
tulin. 

From the data of Table 2 it is. seen that in the case of 
intensive artificial aging the light fastness of lignif ied 
material — ground wood pulp with addition of -1% by weight of 
crystalline fraction of betulin increased by 30% as' against" 
the control sample under the conditions of artificial inten- 
sive aging for 2 hrs, and whiteness increased by 2.5%. 

Examples. 

A suspension of betulin in an amount of 5 mg, prepared 
as described in Example 1, is applied to moist blanks of M- 
bisulfite cellulose, prepared as in Example 1. 

Testing and analysis of samples with betulin and of 
control samples are carried out as in Example 1 . 

The results of the experiments are presented in Table 3 
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Table 3 



Irradiation 


Whiteness , 


% 


SL 






■Darkening as 


time/ min 












against con— 
trox , 


1 


2 


3 




0 


58.0/60. 


0* 










10 


55.5/58. 


0 


2 


. 6/1 


.9 


73 . 1 


30 


54 .5/57 . 


3 


3 


. 8/2 


.6 


68.4 


60 


54 .0/56 . 


8 


4 


.4/3 


. 1 


70.4 


120 


53 .5/56. 


4 


5 


. 0/3 


.6 


72.0 



In the numerator — control sample of Mg-bisulfite 
pulp, in the denominator — same with betulin. 

From the data of Table 2 it is seen that in the case 
of intensive artificial aging for two hours the light fast- 
ness of Mg-bisulfite cellulose with addition of 0.5% by- 
weight of betulin increases by 28% as against the control 
sample . 

The addition of betulin in the amount of 0.5% by weight 
to Mg-bisulfite cellulose enhances the whiteness of the sam- 
ple by 2% as against the control sample. 

For the sake of comparison, data are presented on the 
light fastness of wood pulp in the presence of the known 
light fastness stabilizers: sodium citrate (Table 4) and 
zinc oxide (Table 5) , taken in an amount of 1% of the weight 
of an absolutely dry sample. 



Table 4 



MJUJL CLv^J. CL JL Wll 


TaTVi t t" o c" o 9: 

VVXX-L. l«CSi.J.dOO / fJ 


SL 


















r5 CTr3 "i n c; 1" rrsn — 












trol , % 


1 


2 


3 


4 


0 


57.5/59.5' 










10 


55.4/57.6 


2 


.3/1 


.8 


78.3 


30 


54.9/57.2 


2 


.9/2 


.2 


35.9 


60 


53 .6/56 . 0 


4 


.4/3 


.5 


79.5 



In the ni-unerator — control sample of wood pulp, 
in the denominator — sample of wood pulp with sodium 
citrate . 

Table 5 



Irradiation 


Whiteness, % 


SL 


Yellowing as 


time, min 






against con- 
trol , % 


1 


2 


3 


4 


0 


56.5/67.5' 






10 


53 .8/65.0 


3.1/1.6 


51.5 


30 


52.9/64.0 


4.2/2.3 


54.8 


60 


52.0/63.2 


5.4/2.9 


53 .7 


120 


51.0/62.5 


6.8/3 .45 


50.7 



In the numerator — control sample of wood pulp, 
in the denominator — sample of wood pulp with sodium 
citrate. 

So, the use of betulin produced from a sulfate cellu- 
lose production waste - sulfate liquor or sulfate soap from 
cooking birch wood or a mixture thereof with other varieties 
will make it possible to provide the pulp-and-paper industry 
with a novel light fastness stabilizer for lignified fibrous 
materials, thereby broadening the range of such additives. 
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In contradistinction to the known light fastness stabi- 
lizers, betulin is non- toxic. Its use in the pulp-and-paper 
industry will contribute to the environmental protection and 
improvement of labor conditions along with improving the 
quality of lignified materials (wood pulp and cellulose) : 
enhancing their light fastness and whiteness, high mechani- 
cal properties of fibrous materials being preserved. 
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MaoGpereinTe ophocktcs? k cBeTDCTa6Hmr- 
saropaM aHrHTi(j)TmHpoBaHKbix BOJioKHvicxbix 
MarepHanoB h MOjKer 6BITB KcnojiBsoBaHo 
B iiejinioJi03H0-6yMa^H0M npoH3BoiicTBe npH 
HsroTOBneHHH cBertx:roftKDft xtpeBeciiofi 
MaccBi H Jienniono3hi, 

HsBecTHO Hcrro/iMoBaHHe B KaMecrBe 
CTa6KnH3aTopa npeBecHoft Maccbi pasmiMHbix 
nitrMeHTDB, nanpHMep CaCO-,, MdSQi 3jiO, 

OnHHKO npH BHeceHHH HX B o6rh&^ MBC- 

Cbi Kjm Ha noBepxHOCTB CHXDKaioTCfl Mexa- 
HHMecrae cBoftcrBa BonoKHHC.TBix Marepaa^ 
noB. KpoM© roro, pacxon nHTMeHTOB Be- 
OTK - flo 30% or MaccBi BonoKHHcroro m&- 15 
Tepiiajia. 

Uenjb H3o6pereHHH - noB&nneHHe 6ejni3Hbir 
ynyHineHHe cBeroaamHTHbix cBoftcrB Hpe- 
BecHoft MacxTBi h irenJiiojiD3i>i h pacmnpe- 
HHe accopTHMGHra cBerocra6Timi3aTopoB 
npH coxpaHSHHH BbicoKMx HoKHaareneft Me- 
xaHKiecKDii npoMHocrH upeBecHoft Maccbi, 

UenB McrHraercsr npHMeHSHHGM 6ery— 
jiwHa B KBMecTBe CBeTOcraeHJiHsaTopa iipe- 
BecHoft Maccbi. 

BexynKH npeflcraBJiHer c 060ft TpHrepne- 
HDBBifl ciiHpr 5ejiDro nsera/ KpHcxajiJime— 



20. 



25 



csHtt/ 6e3 aanaxa, c YT^ 



HA" 



254-256*C 



K MOJi. MaccDft 442. Ero MoneKyjiHpHaH 
(jJopMyna C^qH^^O^. CrpyKrypHa^r (J)of»iy- 
Jia 




CH^OH 



30 



35 



40 



, . . BetyiniH HeroKCHMeH h Hentnjmm ren, 
raK KSK ero nony^aior via orxoiia cym^^r- 1 . 
uenjiEonooHpro npowaBojicTBa - cynB4>arHoro 45 
laenoKB hjih cyn&(|>arHDro MMjm or BapKH 



iipeBecHfcbi 6epe3Bi hjih ee cm ecu c npymiMH 
nopoflOMH. McnonbaoBaHHe SeryniiHa fe na- 
CTosTuiee BpeMsr uAsr nn« cwHrasa paanKH— 
«bix coe/3KHGHHit npH wsyMeHHH c})apMaKonorH- 

^eCKOJi aKTHBHOCTH ]^2] * 

HoBoe npHMeiienHG 6eTynHHa B KanecTBe 
cBerocra6HnH3aropa apeBecHofl MaccBi h 
ne/inionoabi o6ycJioBneHo ero BwcoKoit ot- 
pa^KarejiBHojt cnoco6HocTBio cBera c A/iHHoft 
BoJiHBi 330-340 HM, HTo npHBonHT K ana- 
MHrenfcHOMy SKpanHpoBaHwio (jJOToxHMHHe- 
ciarx aKTHBHBK crpyxryp niirHHHa, norno- 
maiowHx cBeT c flTiHHOflt BoJiHbi 330-340 HM. 
Pacxpfl 6ery7iHHa cocraBnHeT 0,2-2,0%, 
npewMymecTBeHHo 0,5-1,0% or MaccBi a6- 
cojnoTHo cyxoro. BojioKHa. 

npHMep 1,10 Mr 6erynHHa pac— 
TBopjTior B 1 Mn 96%~rD sraHoira npvi 
30-40 C, pacrBop .pa36a&jiHior Boflofl 
(9 Mn) , O6pa30jBaBiuyKx:fl cycneK3Hio 
(10 MTi) HaHDCsir Ha noBepxHocrb aapanee 
npiiroroBjieHHoft BJiajKHOft ornHBxH,: nojiy- 
HeHHofl H3 1 r\ae4«6pepHoA flpeBecHolt 
MaccBi, roMoreHH3HppBaHHDft B 100 r BpnBi 
B re^sHHe 5 mhh. OrnKSKy oT^KHwaior 
MOTKay ziByMsr Syi^eoicmiiKm (JsiJiBrpaMH nofl 
flaBneHHeM 20 . kt/cm^, cymar Ha Boaixy- 
xe npH 20^C b TeneKHe 24 h h hciimtiiI- 
Bak>T Ha cBexoG roftKocTB, noMeman o6pa- 
aeu B rejHwfocraTHpoBaHHyio KaMepy ( it - 
25 C) . OdjiyMaior cbstom pryrHoft naM- 
XTBi ilPlII-250 Hspea cBeTo<j3H7iBrp HC-rl . 
(jxuHHa bdjihbi 6Djiee 330 hm) b reneHHe 
/iByx HaeoB, MomHtx:TBio cserbBoro noroKa 
50 mBt/cm^. CnexTpBi oTpajKeHHH aaiiH- 
cBiBaioT Ha cireKTpDcJjorDMeTpe C4>-18, B 
KQHecTBe KpHTepnH cBeTDCToftKocTH Hcnom*- 
ayior PC-no KaaarenB iToxcanTeHHH (6e3- 
pasMepHas BejiHHHHa) . ripHHHMaior PC 
KOHrpojiBHoro o6pai3iia 3a 100%, Anano- . 

PHHHO rorOBJIT KOHrpOJIJbHMe orJXHBKH 6e3 

/2o6aBKH 6ery7raHa. 

PeayjiBraTBr paccHwrBiBaior kbk cpefl— 
Hee 113 Tpex napaniiejiBBBix o6paauoB. 

nojiyneKHBie pesynbrarBi npenpraBneHBi 
B Ta6n. 1 - 

T a 6 n H a a . 1 



HHSr 
MHH 


BenHana, % 


T 

f PC 


or KDHTpOnir- 

Horo, %. 


\ 


2 


^ _ 3 


4 



o 

10 



57.0/65.0* — 
54.6/63,4 2,7/1,2 



44.4 



1 



1.079717 



3' 



30 ■ 53,6/63.0 3,9/1.4 

60 52,8/62,8 . 4,8/1,6 

120 51,3/62,3 7,0/2,0 



35,9 
33,3 
28,5 



■^B HKCOTrene - xoHrponBHtiil pSpaaeu /xpeBecHoft mbcch, 
B SHaMeHarene - o6paaeu apeBecHoft Maccbi c iSyrynHHoM. 
* I • 

Ma ^aHHBDc ra6n. 1 cneAYer, hto j3o6a&-15 10 Mr, nonyneHHyio kelk onwcano Bbime 
Ka eerynHHa b KomrnecrBe 1 Bec,% b ne- HaHocflr na Bjia^KHbie ormiBKH ae^6pepuoH 

*H6pepHyto ApeBecHyio ^fyKy iro&biiuaer apeBecHoft Maccti, HaroroBneHHBie. no npn- 

SeTEHaHy oSpaaua na 7-8% no cpasHeHPiK) Mepy 1.' 

Q KOHTpOJlBHblM o6pa3UOM, a THK^e noBBI- 

maer GBeTDCTo^Kocrb jiHrHH(i5vmHpoBaHHDro 20 HcnbiraHHe w ananKa pSpasaoB c eery- 

BonoKHHcroro MarepHana na 71,5% b yc- . jihhom h Konrpo/iBHtix o6pa3uoB npoBonnr 
: jioBhsix HCKyccTBeHHoro HHrencHBHoro era- KaK b npHMepe 1 npn MomnocrH cBeroBoro 
peBHfl aa 2 H.' . . .-noroKa 30 mBt/cm.z. 

n p H M e p 2. CycneH3HK> KpHcran- Peay/ifaraTBi onbiroB npeacraBneHEi b 

miHecKoit ^pawm 6eTynHHa b KonH^ecrBe 25 " ra6ji. 2. * 



TaSnHua 2 



BpeMH 


o6ny- 


HaMe^eHHe 




Crenewb 


noreM- 




MHH 


6eJIH3HBI itpK 




He HUH or 


KOHr- 






CBerocrapeiBiH, % 


F>C 


po/rbHoro, 


% 


0 




56,5/59,0^ 








10 




54,1/57,0. 


2,8/2,0 


71.4 




30 




53,5/56,4 3,5/2.6 


74.3 




60 




52,8/56,0 . 4,4/3,1 . 


; 70,4 




120 




52,3/55,6 


5,0/3,5 


. 70,0 





B HHcmirene - KOKrpQnBHwft ofipaaeu ^peBecHoft Maccti, 
B 3Ha^leHa^eJxe - o6pa3exc jipeBecHoft Macc£i c 6ery7raHOM. 



Ha AaHBBzx ra6yi. 2 bhoto, htd npH hh- 
TeHcnBHo\f HCKyccrseHHOM crapQHHH cBercv- 'sO 
CToftKoCTii mirHH(j)HirapoBamioro Marepaajia — 
fle4}fe6pepHDft zipeBecHofi MaccBr c aoSaBKoft 
KpHcrajgmHecKDft $paKnHK 6ery3raiai 1 Bec»% 
; noBbicHJiacEi Ha 30% no cpaBHeHRio c- 
; KOHrponbHbiM o6paauoM a ycnoBUm t^^s 

HCKyCCTBSHHOrO BTHTBHCHBHOrO CrapBHHH 

aa 2 a danirsKa noBbicBnacb . ua 
2,5%. 



n p VI M e p 3, Cycnenamo eeryTncHa 
B KonHHecrBa 5 MT, nony^eHHyio kbk oiiti- 
caHD B npHMepe'l, HaHpcnr aa BnaxcBbxe 
orjiHBKH M -^cyji&4>HTH0fl iten/nonoaM, Har 
roTOBneHHoit aHajionmra irpHMepy 1 . . 

HdOxiTaHasi h aHsmia odpaaaoB c 6er3aiB^ 
HOM ' VI KOHTponjbHboc o6paaEioB irpoBooRr 
KRK B npsiMepe 1, 

PesynxsTam omaroB xxpoapraBjieHbi b 
ra6n. 3. 
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BpeMfl 

HHH, MHH 


&e/TH3HB, % 




n oreMHeHHe 

or KOHTpD/Iir- 

Horo, % 


0 


. 58/0/60,0* 




- 


lO 


55,5/58,0 


2,6/1,9 


73.1 


30 


54,5/57.3 


3,8/2,6 


68,4 


60 


54,0/56,8 


4,4/3,1 


70.4 


120 


50,5/56,4 


5,0/3,6 


72,0 



■tte/r7TK)jio3i>r, b sHaMeHarene - to >Ke, c 6yry/iHHoM. 



Ha iiaHHbix, npencrafijieKHbix b ra6n. 3," 

BHAHO, MTO npW HHreHCHBKOM HCKyCCTBeii- 

HOM crapeHHH b reneHHe aByx nacoB cBe- 
TocroitKocTB M -6Kcy7it45HrHoA uerunonoaw 
c flo6aBicoft 0,5 Bec.% SerynHHa noBBmiaer- 
cfl HQ. 28% no cpaBHeHH^ c kohtpojibhum 
o6paauoM. 

Jlo6aBKa 6ery7iHHa b KOJiHHecrBe 0,5' 
Bec.% B M -6HcynB(|MrHyio itejinionooy no- 



Bbimaer 6enH3Hy o6paaaa na 2% no cpaB- 

HBHHK) C KOHTponBHBIM oSpaauOM. 

Una cpaBneHHH npuBeneHti rfaHHbie no 
. cBerocToftKocrH zipeBecHoft MaccBt b npH- 
cyrcTBHH HSBecTKbDc CBerocTa6HJTHaaTopoB 
UHTpara HarpHsi {ra6/i. 4) h okiich uHFxa 
(ra6ji. 5), Baaabix B KOJiHMecTBe 1% or 
Maccb! a6conioTHD cyxoro o6paana. 

T a 6 n ii u a 4. 



BpeMfl o5- 
nyneHHH, mhh 


BejraaHa, % 


PC 


noace^rreHHe or 
KOHrponfcHDro, % 


0 


57,5/59,5 
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55,4/57,6 


23 /1, 8 


78,3 


30 


54,9/57,2 


.2,9/2,2 


75,8 


60 


53,6/56,0 


4,4/3,5 


79,5 



B TOOTH rejie - KOHrpo/rbHWll o6pa3en ApeBecHoft Maccu, 

B 3HaMeHarene - o6paaea apeBecHoft MaccBi c rmrpaTOM narpmi, 

, Ta6nHaa5 



BpeMS o6ny- 


EenHSKa, % 


PC 


IToxenreHHe ot 
KOHrpwifaHoro, % 






■ r 


4 ■ 


0 


56,5/67,5* 
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53,8/65,0" 


3,1/1,6 


51.5 



30 
60. 
120 



1079717 8 
4 



52,9/64,0 4,2/2,3 54,8 
52,0/63,2 5,4/2,9 53.7 
51,0/62,5 6,8/3,45 50,7 



^* B HHCJiHTene — KOHTpontHbift ofipaaeu flpesecHoft Maccu, 

B sHaMeHarene — o6pa3eu apeaecnoft Maccbj c uRrparoM- HerpKs. 



TaKHM D6pa30M, itJirHMeHeHTie derymtHa, 
ytoiiyHBL&s/soro h3 orxona cy7iB<j5flraG7unoJio3Horc 
npoK3Bo/^TBa - cyjxbi^aTHorp MLiha ot feap- 
KH Sepeabi bjih . ee CMecH c npyrHMH nopo- 
iiBME, noaBoHHr D6eciieTOn> .uejunonosHo- 
'6yMEDKHyto npoMMxineHHOcrB hobbim cBero- 20 
CTa6ifnB3aropoM - 7inpHH{j)imHpoBaHHtiK Bo- 
no RHRcrbix MarepffanoB,'^ pacuiKpHB 
reM •• caMLiM accopTHMeHr TaKVx ao- 
6aB0R* 



B ornRHHe or Rs&ecTBbzx cBerocra6miH- 
aaropoB 6eTymn HeroscHHeH* Ero Hcnojxbso- 
BaHHe B nennsomsmy^yMfbKHOM nponaBoij- 
CTBe 6yneT ciTcco6crBoBan> oxpanQ oKpy- 
TKBiamefi cpeoBi k yTiyHmenaio rpyna Bapsfay 
c yjty^GmeM sanecTBa nBrBH^BiZHpoBaH- 
HHx MarepRonoB (apeBecHoft Macx:£x h ixem 
jnonoa&i) izDB&QiieBBeM bx CBerocfDftKDC- 

TH H'6eJIH3HbI npH GOXpaHBHRR BEiICOKRX MBXa— 
HHHeCKHX CBofiCTB fiOffOKRRCTblx' MaTepRBJIoB. 
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